.
IS91 is a 1,830-bp insertion sequence that inserts specifically at the sequence CAAG or GAAC of the target and does not duplicate any sequence upon insertion (23). By transposon mutagenesis, we have identified open reading frame 426 (ORF426; bp 454 to 1731) as the putative ORF for the transposase. It displays a cysteine-rich, potential metal-binding domain in its N-terminal region. Adjacent to ORF426, there is an ORF (ORF121) which precedes and terminally overlaps ORF426 by one amino acid. Tnl732 insertions in ORF121 do not affect the transposition frequency. IS91 has sequence similarities to IS801 from Pseudomonas syringae. Their putative transposases are 36% identical, including conservation of the cysteine-rich cluster. The information concerning IS801 insertion specificity and target duplication has been reevaluated in the light of our results.
Prokaryotic transposable elements are discrete DNA segments that can insert with varying degrees of specificity in the bacterial chromosome or in a plasmid or virus genome. According to their structural and genetic organization, they have been assigned to three classes. Insertion sequences (ISs) correspond to the first class and are defined as transposable elements that do not carry accessory genes (15, 32) .
A number of ISs have been described and analyzed in some detail. Galas and Chandler (15) list more than 50 different ISs for gram-negative bacteria. The complete nucleotide sequences of at least 30 ISs are available, and comparisons which suggest evolutionary relationships have been produced. Homologous ISs, detected mainly by conservation of specific motifs among their presumed transposases, have been grouped in families. The two most conspicuous families are the IS3 family (13, 30) and the IS4 family (32) . The IS3 family includes a number of ISs sharing extended homology, particularly in a 50-amino-acid segment of the C-terminal end of their transposases, the signature of which is DG2Y5 and 26 amino acids later N32E36K43 (13, 30) . The best-known members of this family are IS2, IS13, IS51, IS150, IS600, IS629, IS861, IS3411, and IS6110. IS21 is also related to this group since it possesses the N32E36K43 motif. They share not only the same signature but also a common genetic organization. All constituent members have two open reading frames (ORFs), with the start of the second one overlapping the terminus of the first in the -1 phase. It is thought that the active transposase is produced by slippage of the first ORF to the second during translation (25). The IS4 family is also very widespread. Its diagnostic signature, YE7K14, is found in IS4, IS10, IS50, IS186, IS231, and ISHJ and also in the more distantly related elements IS26, IS52, and IS903 (32) . In this case, there is a common genetic organization, since the members of the IS4 family contain a long ORF covering almost all of the coding capacity of the element. However, there are still many well-known ISs, such as IS1, IS5, IS30, and IS200, etc., which do not display a significant relationship with either of these families or among themselves.
IS91 was isolated from a hemolysin plasmid of Escherichia coli and found to occur in multiple copies in a number of Hly plasmids of different incompatibility groups (35) . It shows * Corresponding author. the recombinational properties of an IS element (9) and is probably involved in the evolutionary spread of the hly genes (36) . IS91 is particularly interesting because it shows an absolute insertion specificity for the sequences GAAC and CAAG and does not duplicate the target DNA upon insertion (10, 23) . We report the DNA sequence of IS91 and identify the transposase gene by transposon insertion mutagenesis. We also show that IS91 is similar to IS801 and discuss the implications of this similarity for the previously proposed mechanism of IS801 transposition.
MATERUILS AND METHODS
Strains and plasmids. The strains used are listed in Table 1 , and plasmids are listed in Table 2 .
Standard genetic techniques. Transformations were carried out by the method of Chung and Miller (5) . For mating experiments, donor and recipient strains were grown overnight in Luria-Bertani (LB) broth (20) with appropriate antibiotics for plasmid selection. Donors were then diluted 1:10 into fresh LB broth and grown for 2 h. Then 0.5 ml of recipient culture was mixed with 0.2 ml of donor culture, the mixture was centrifuged for 1 min, and the cells were placed onto a Millipore filter on a prewarmed AM3 plate for 1 h at 37°C. Bacteria were washed from the filters with LB broth, diluted, and plated on selective media. (28) by using plasmid DNA as a substrate, as described by Komeluk et al. (18) . The starting plasmid used was pSU240 (9), from which subclones covering the region to be sequenced were obtained by using pUR250 or pSU2719 as a vector (22).
Commercial primers (M13 sequencing primer [17-mer] and M13 reverse sequencing primer [16-mer] ) were used for sequencing both strands of inserts. All of the sequence shown in Fig. 1 was determined for both strands.
DNA sequence analysis. The GCGUW software (8) was used for DNA and protein sequence analyses. Data bank searches were carried out by using the FASTA and TFASTA programs (24); dot matrix analysis used the DOTPLOT program under conditions which, as a control, revealed the relationship among the ISs belonging to the IS3 family (30) ; alignments used the GAP program; rho-independent transcriptional terminators were searched with the TERMINA-TOR program (4) .
Nucleotide sequence accession number. The IS91 sequence has been registered in the EMBL, GenBank, and DDBJ data bases under accession no. X17114.
RESULTS
Analysis of the DNA sequence. The complete DNA sequence of IS91 is shown in Fig. 1 Fig. 1 ).
There are two clusters of repeated sequences near the inverted repeats (IRs), particularly in IRR (see Fig. 1 ). The termini of IS91 form an 8-bp imperfect IR (Fig. 1, ORF426 is particularly rich in cysteine and tryptophan (4 and 3.5 times more abundant than in an average E. coli protein). Most of the cysteine residues are clustered in the N-terminal 100 amino acids of the protein. Eight are clustered in a region reminiscent of a Cx type zinc finger (C-C-X4-C-C-X5-C-X2-C-X4-C-X2-C), which might be implicated in metal binding; however, the structure in ORF426
does not correspond to any of the standard zinc finger motifs or other metal-binding domains (3, 12, 14) .
Comparison of the IS91 sequence with known ISs. The DNA sequence of IS91 and the deduced amino acid sequences of its two putative gene products were compared with those of other IS elements. Only one IS appears to be similar to IS91, IS801 of Pseudomonas syringae (26). Figure  3 shows a plot of the comparison of both DNA sequences. ORF121 is missing in IS801 (Fig. 3) . ORF426 of 'S91 is 36%
to the ends of their respective DNA sequences (data not identical to the long ORF of IS801, and the similarities shown). The DNA similarity in this region is about 45% and extend throughout the ORF (Fig. 4) changes are accepted, the similarity of the transposases is 54%.
We have analyzed ORF426 for a number of signatures diagnostic of different families of proteins known to interact with DNA. It does not contain the helix-turn-helix domain common to many bacterial DNA-binding proteins (11), the leucine zipper motif (19) , the nucleotide-binding site motif GX4GK(S/T) (29, 34), or the IS3 or IS4 family signatures. It is also unrelated to the integrase and resolvase families of site-specific recombinases (1, 31) .
DISCUSSION
Genetic organization of IS91. IS91 is an unusual IS element. It transposes with high specificity to the target sequence GAAC or CAAG without duplicating any base pairs at the target (10, 23) . Surprisingly, it can promote replicon fusion with plasmids containing only IRR in a manner similar to the one-ended transposition described previously for class II transposons (2, 23a) . To provide us with the necessary background information for a more-detailed analysis of the mechanism of IS91 transposition, we decided to determine the sequence of the entire element.
Superficial analysis of the coding capacity of IS91 suggests a gene organization analogous to the IS3 family of ISs, that is, one whereby two ORFs translated from the same DNA strand and overlapping by a single nucleotide cover the coding capacity of the element (25). The results presented in this work strongly suggest that ORF426 codes for the transposase of IS91. This was indicated by the abolition of IS91 transposition by Tnl732 insertion mutations in ORF426 (Fig.   2) .
Comparison of IS91 and IS801 protein-coding capacities. The insertion mutagenesis experiments summarized in Fig. 2 show that ORF426 is the transposase of IS91. This protein is homologous to ORF410 from IS801. These proteins are 36% identical, with the homology extending over their entire sequences (Fig. 4) (15). They could have a regulatory function in expression of the transposase or in transposition itself.
The termini of IS91 and IS801: specificity of insertion and target duplication. Figure 5 shows the alignment we propose for the termini of IS91 and IS801. Romantschuk et al. (26) suggested that the 5-bp sequence TGAAC (underlined in Fig.  5 ) is duplicated upon insertion of IS801. We previously showed that IS91 inserts specifically in GAAC (or CAAG) without target DNA duplication (10, 23 
